Fms-like tyrosine kinase 3 (FLT3) and Nucleophosmin1 (NPM1) mutations are the most common molecular variations in acute myeloid leukemia (AML) and have been associated with prognosis. The frequencies of FLT3, NPM1 mutations in the Algeria population remains unknown due to the lack of data related to this subject. Herein, we aim to investigate the prevalence of these mutations in our population and assess their prognosis impact. Adult AML patients (n= 60) were analyzed for FLT3-internal tandem duplication (ITD), D835Y point mutation and NPM1 exon12 mutations. FLT3-ITD was detected using polymerase chain reaction (PCR), D835Y mutation was detected by restriction fragment length polymorphism (PCR-RFLP) and NPM1 exon12 was detected by Sanger sequencing. The relation between the mutations and the clinical features of the patients was evaluated. FLT3 mutations were present in 11.6% and NPM1 mutations were observed in 15.09% of AML patients. The most frequent NPM1 mutation type was the "type-A mutation" (87.5%). Furthermore, a novel "indel" mutation was also detected in one patient. According to the statistical analysis results, FLT3mut group showed shorter survival time and poor response to the induction therapy, while NPM1 was a predictor of better prognosis in the absence of FLT3 mutations. Our results reveal that FLT3 and NPM1 mutations are less frequent in our population than reported in literature. Patients with isolated NPM1 and FLT3 mutation have different clinical features than those with combined mutations. NPM1 and FLT3 mutations can be used as prognostic factors in AML risk classification.
INTRODUCTION
Acute myeloid leukemia (AML) is an aggressive heterogeneous disorder of the hematopoietic stem cell arising from the bone marrow. It is the outcome of several transformations that affect the balance between cell proliferation, survival and differentiation resulting in the expansion of an abnormal clone of cells. 1 The standard induction therapy for the AML patients is Anthracycline and Cytosine Arabinoside (Ara-C), introduced in 1960's and since then, ap-proximately 50-75% of the AML patients achieve remission. 2 Despite the increase therapy response, almost half of AML patients develop relapse which is the most substantial challenge in the treatment of the disease. 3, 4 One or more cytogenetic abnormalities are found in approximately 55% of AML and these markers are used to stratify patients into favorable, intermediate and unfavorable risk groups. However, the stratification and the treatment decision for patients with normal karyotype show difficulties due to the clinical heterogeneity.
International Journal of Hematology and Oncology Nowadays, many genetic and epigenetic mutations have been associated with AML: KIT, NPM1, FLT3, WT1, CEBPA, RAS, BAALC, MN1, DN-MT3A, TET2, IDH. 5 Among the many reported mutations, FLT3, NPM1and CEBPA genes are associated with treatment response, especially secondary mutations that involve mainly FLT3 gene. 6, 7 FLT3 (Fms-like tyrosine kinase 3) belongs to the class III of the family tyrosine kinase receptors, is coded by a gene of 24 exons on the chromosome 13q12.2. This receptor plays important roles in the hematopoietic growth regulation of early progenitor cells [8] . The FLT3 receptor contains a N-terminal extracellular region consisting of five immunoglobulin-like domain, a juxtamembrane domain (JM) and an intracellular C-terminal region with a split kinase domain. 9 Internal tandem duplication (ITD) in the juxtamembrane domain and missense point mutation in tyrosine kinase (TKD) domain are frequent abnormalities in AML patient.
The FLT3-ITD mutations are observed in approximately 25-30% of patients and FLT3-TKD alterations are presented in 5-10% patients with AML. 10, 11 These mutations cause overexpression or activation of the tyrosine kinase receptor. Furthermore, FLT3-ITD mutations seem to be associated with increased relapse risk and short overall survival time. 12 On the other hand, FLT3-TKD mutations' prognosis impact has not been yet clearly defined. NPM1(Nucleophosmin) is a phosphoprotein expressed at high levels in the granular region of the nucleus. 13 NPM1 shuttles between both the nucleus and the cytoplasm, and plays various roles within the cell including the control of centrosome duplication, ribosomal assembly and regulation of the tumor suppressor ARF. 14 NPM1 exon12 mutations occur in about 30-35% of adult AML and confer a favorable prognosis. 15 AML with NPM1 mutations was recognized as a separate provisional entity in the latest World Health Organisation (WHO) classification. 16 More than 55 unique mutations have been identified in exon12 of NPM1 17 but the most frequent ones are: TCTG (Type A) duplication at NM_002520.6(NPM1_v001)c.860_863dup, CATG (Type B) and CCTG (Type D) insertions at NM_002520.6(NPM1_v001) c.863_864 18,19 , recently the -CTTG insertion in the position c.863_864 was defined as the fourth most common mutation of the NPM1 named as mutation I. 20 These mutations can cause the elongation of the NPM1 phosphoprotein that leads to an aberrant cytoplasmic expression. 15 NPM1 mutation analyses coupled with FLT3 mutation analysis have considerable clinical utility in directing AML therapy. Unfortunately, not all centers, especially in developing countries are well equipped for molecular studies. Herein, firstly we aimed to optimize the FLT3 and NPM1 mutation analysis in our hospital that received the majority of the Eastern Algerian population and then investigate the prevalence of FLT3 and NPM1 mutations in patients with AML and assess their impact on the prognosis of our population. Notably, as far as we know this is the first report of FLT3-NPM1 mutations in Algeria.
PATIENTS AND METHODS

Patients:
Newly diagnosed adult AML patients (n= 60) were admitted to the University Hospital Center of Constantine between 2015 and 2016 were included in this study. The diagnosis was established according to the French-American-British (FAB) criteria and patients received the standard induction therapy regimen (3+7), according to the hematology service, the protocol consisted of Aracytine 3 g/m 2 ×2 in intra venous for 3 days and Cerubidine 60-90 mg/m 2 then followed by bone marrow aspirates.
Complete Remission (CR) was defined as less than 5% of blast cells, neutrophil > 1.5x10 9 /L and platelets > 100x10 9 /L in the peripheral blood. And for the post-remission therapy (consolidation phase), the patients have received Ara-C 12 g/m 2 IV for 3 days. In total, patients can receive up to 4 courses of consolidation.
All patients were informed about the study and provided written informed consent.
Nucleic Acid Isolation:
Genomic DNA was extracted from peripheral blood leukocytes using non-organic solvent (NaCl methods) 21 , DNA quality and concentration were International Journal of Hematology and Oncology evaluated with Nanodrop spectrophotometer (Thermo Scientific Nanodrop® 2000/2000c).
Mutational Analysis:
Screening for Mutations of FLT3 Gene:
The FLT3-ITD exon14-15 was amplified by PCR using with specific primers: 14F:5'-GCAATTTAGGTATGAAAGCCAGC-3',15R:5'-CTTTCAGCATTTTGACGCA ACC-3', that covers the JM domain with a length of 389 bp. Reactions of 25 µl contained 100 ng of DNA, Buffer, dNTPs (10 mM), MgCl 2 (2.5 mM), primers (10 mM each), 1U of Taq polymerase (Fermentas®). After an initial denaturation at 94 0 C for 4 min, DNA was amplified in 35 cycles of 94 0 C for 30 sec, 56 0 C for 30 sec, 72°C for 1min and followed by final extension at 72 0 C for 10 min. The PCR products were run on a 3% electrophoresis agarose gel stained with Ethidium bromide and visualized on a UV lamp. Samples showing additional PCR products longer than 389bp were considered as FLT3-ITD.
To detect FLT3 D835Y mutation, primers for the exon20 were used: 20F: 5'-GAACGTGCTTGT-CAC-3', 20R: 5'-TCAAAAATGCACCACAGT-GAG-3', covering a region of 195 bp. The PCR mixture was set up as mentioned above. The initial denaturation was at 94 0 C for 10 min, the annealing was 95 0 C for 30 sec, 57 0 C for 30 sec and 72 0 C for 30 sec, for 35 cycles and the final extension at 72 0 C. The amplified products were digested with EcoRV(Fermentas) 5U/ µl at 37 0 C overnight. The digested products were analyzed on a 4% agarose gel. The D835Y mutation is a GAT >TAT substitution that hides the restriction sequence for EcoRV, so incomplete digestion indicates the presence of the mutation.
Detection of NPM1 (exon12) Mutations:
For the screening of the NPM1 mutations, we first amplified fragment of the exon12 by PCR using the primers NPM1-F,5-TGATGTCTATGAAGTGTT-GTGGTTCC-3' and NPM1-R5'-CTCTGCAT-TATAAAAAGGACAGCCAG-3', the reaction volume was 25µl containing: a Buffer, dNTPs(0.4 mM), MgCl 2 (2.5 mM), primers (5 mM each), 1U of Taq polymerase(Fermentas®) and DNA 75 ng.
The program used was: 95 0 C as initial denaturation for 10 min and 72 0 C as final extension for 10min. The number of cycles was 35 and in each one, there was 95 0 C for 30 sec denaturation, 63 0 C for 30 sec annealing and 72 0 C for 40sec extension. The PCR products were checked using an agarose gel, then the amplified products were purified by standard method then directly sequenced on a DNA sequencer (Applied Biosystem 3500/3500XL). CLC Genomic Workbench 3.6 (Quiagen Bioinformatics Germany) was used for Sanger Sequencing data analysis and the reference sequence of NPM1 (NCBI Gene ref 4869).
Statistical Analysis:
The Overall Survival (OS) was calculated from the date of diagnosis to the date of death. The Event-Free Survival (EFS) was calculated from the date of diagnosis to the occurrence of an event (failure at remission, relapse, and death in first CR).
All our data were analyzed using: Chi-square test or Fisher's exact test, Student's t test, ANOVA test, Kaplan-Meier for assessing OS and the Log-rank test to evaluate difference in survival between the 2 groups with Confidence Interval (CI) 95%. P values were considered significant if it was <0.05. All analyses were done using the SPSS® software V.21.
RESULTS
Among a cohort of 60 newly diagnosed AML patients, 57% were male, 43% were female. The sex ratio was 1.3. The median age was 46 years [range 21-86 years] at diagnosis. The most common FAB subtype was M2 that presented 45%, followed by LAM4 18%. The clinical characteristics of our study population are presented in the Table1.
FLT3 and NPM1 Mutations' Frequencies:
FLT3mut was found in 7 out of the 60 adult AML cases (11.66%). FLT3-ITD mutation was shown in 4 cases and FLT3-TKD mutation was screened in 3 cases, one patient had combination of both mutations (Figure1).
Fifty three patients were analyzed for exon12 of NPM1, NPM1 mutations were found in eight International Journal of Hematology and Oncology cases (15.09%). 7 cases (87.5%) had Type A-TCTG duplication in position c.860_863, and one case had a unique mutation pattern that doesn't belong to the reported mutations c.869_873delGGAGGinsCTTTTTCCC (Figure2). Although most of the NPM1 mutations in AML are 4bp insertions after position 863 in the coding sequence, several mutations have been noted that have breakpoints a few bases downstream after position 869. 15
FLT3 and NPM1 Mutations' Characteristics and Clinical Significance:
In the FLT3mut group, 4 were female and 3 were male, while in the NPM1 mutated group 5 were male and 3 female. The most frequent FAB subtype variety was M2 in both mutations. The mean WBC count was significantly lower in the FLT3mut than the FLT3wt (wild type) group (28.32×10 9 /L vs. 55.93×10 9 /L) (p= 0.03). The mean platelets count was significantly lower in the FLT3mut group (23.17×10 9 /L vs. 71.7×10 9 /L [p= 0.002]). As for the NPM1 mutations, there were no significant differences in biological and clinical characteristics between mutated and wt patients as it's shown in Table 2 .
To analyze both mutations at the same time, we categorized our studied patients in four groups: FLT3wt= FLT3 wild-type; FLT3 + = FLT3 mutations; NPM1wt= NPM1 wild-type; NPM1 + = NPM1 mutations International Journal of Hematology and Oncology NPM1 + /FLT3 -, NPM1 -/FLT3 + , NPM1 + /FLT3 + , NPM1 -/FLT3 -. NPM1 + /FLT3group showed an incidence of 11%, while NPM1 -/FLT3 + group was 10%. One patient (2%) had both mutations (NPM1 + / FLT3 + ) and 77% were negative for both mutations (NPM1 -/FLT3 -). Table 3 shows the clinical baselines between these groups.
Response to Induction Therapy:
Looking at each gene separately, the mortality rate in the FLT3 mutated group was significantly higher than the FLT3wt group (p= 0.02), while, the relapse rate in the NPM1wt group was significantly lower than the mutated group (p= 0.046) in Table 2 .
When the two mutations were analyzed simultaneously, the higher survival rate was observed in the NPM1 -/FLT3group (58.69%) and the NPM1 + / FLT3 -(42.85%), both of the NPM1 + / FLT3 + and NPM1/ -FLT3 + patients were deceased. When compared, the survival rate of the group NPM1 -/ FLT3 + and the group NPM1 + /FLT3 -, it was statistically significant (p= 0.022) indicating the positive effect of the NPM1 mutations on the prognosis. In term of relapse status among the four groups the FLT3 -/NPM1group has a higher percentage (28.26%) which might be the reason of statistically significant score (p= 0.047) in Table3.
Multivariate Cox regression analysis that evaluated the mutation status, age, WBC count and BM blast percentage showed that these factors were independent for achieving CR. (Data not shown).
Survival Analysis:
The median follow-up time of our population was 13 months [1-29 months]. The global survival rate was 51.66%, among them 30% achieved complete remission.
The mean OS of all AML patients was 16.8 months and the mean EFS was 13.2 months. The mean OS was 12.8 months for the patients with the FLT3mut vs. 17.5 months for those without the mutation and the mean EFS was 9 months for the FLT3 mutation positive group, whereas it was 13.7 months for the FLT3wt .
On another hand, the mean OS and EFS for the NPM1mut group were 9.88 months and 8.77 months respectively and they were 12.33 months and 11.25 months for the NPM1wt (Figure 3) .
DISCUSSION
In the present study, we determined the incidence of FLT3 and NPM1 exon12 mutations within the adult AML cohort, detected a novel complex mutation in NPM1 gene and described the biological characteristics and clinical features of these pa- Constitutive activations of FLT3 (ITD and D835Y) were found in 11.6% of our cohort, the frequency is lower than the other studies (20-35%). 10, 22 FLT3-ITD presented 6.6%, this frequency is low when compared to the previous reports. 23, 24 It has been stated that the lower frequencies of FLT3-ITD are observed in the Asian populations (19.1%) compared to Western countries (20-30%). 25, 26 FLT3-D835Y was found in 5% (3 of 60) of our AML patients which is in agreement to what was expected 5-10%. 27, 28 Similar to the FLT3-ITD's results, we observed a lower frequency of NPM1 mutations (15.09%) compared to previous studies 15, 29 , type A mutation was the most frequent one, our findings confirmed the report made by Falini and coworkers. 15 On another hand, the novel mutation was different from the 4bp insertions usually found in the NPM1 exon12 mutations and downstream the position c.860_863.
The disparity in FLT3-ITD and NPM1 mutations' frequencies between our study and the others may be related to the presence of racial/ ethnic variation in susceptibility to these mutations or the number of cases involved in each study. However, in spite of the neighborhood between Algerian and Moroccan population, the frequencies of the FLT3-ITD mutation reported in Morocco (18%) were relatively higher than found in our study. 30 These findings should be discussed within the context of lack of karyotype data which is remains the most important prognostic factor. However AML with normal karyotypes (NK-AML), which represent 40%-50% of AMLs, vary in term of prognosis.
The incidence of FLT3-ITD mutations occurs in the NPM1mut group more than the NPM1wt group (14.28% vs. 6.6%), which confirmed that NPM1 mutations are the primary aberrations that precede the acquisition of FLT3-ITD and explained the increased frequency of FLT3-ITD in NPM1mut cases. 31 FLT3wt= FLT3 wild-type; FLT3 + = FLT3 mutations; NPM1wt= NPM1 wild-type; NPM1 + = NPM1 mutations
International Journal of Hematology and Oncology NPM1 and FLT3 mutations increase in frequency as the population's age increases with a median age 51 and 50 years for the FLT3mut and NPM1+ respectively. These results were similar to what was reported before. 32, 33 The age factor also may explain the lower frequencies of the mutations given the fact that we had a considerably younger cohort with the median age 46 years at diagnosis.
M2 was the most common subtype within patients carrying the FLT3 and NPM1 mutations, these results are similar to several studies 23, 32 , but are in contrast with others. 34, 35 Also, no mutations were found in patients with M3 subtype, which is consistent with the findings of Thiede et al. 29 , additionally, Veerhak et al. 36 have registered a lower frequency of NPM1 mutations in M3 subtype.
The WBC count was significantly higher in the FLT3wt and NPM1wt patients than those with the mutations; these results were similar to other reports 34, 37 and in disagreement with others. 3, 35 Interestingly, the NPM1 mutated group was associated with higher platelets count unlike the FLT 3mut group which is in agreement with a study made by Hsu and Yung who showed that the blast cells with the NPM1 mutation can acquire a certain capacity for the differentiation of the thrombocytes. 38 Another point that could have been informative is the evaluation of level changes of FLT3 ligand in peripheral blood through the course of AML patients. In fact, Şahin et al. have demonstrated that there was a reverse relationship between diagnostic and remission WBC count and FLT3 ligand levels, also, that FLT3 receptor inhibition during the induction chemotherapy causes a compensative ligand overexpression. 39 Regarding the response to the treatment, only 30% of our patients achieved complete remission which is lower than other reports. 34, 40 Among the FLT3mut positive patients, no one achieved the CR. Also, the FLT3 mutations had a negative impact on survival (p= 0.02), which comes in confirmation to what was concluded before about the fact that FLT3 mutation is a worse prognosis factor that significantly reduces the survival. 12, 23, 41 Additionally, patients with FLT3-TKD are reported to have favorable clinical outcome than those carrying the FLT3-ITD mutation 42 , but the mortality rate of the FLT3-TKD patients in our cohort was 100%, which suggest that these patients may had other alterations or environmental factors that had a negative effect on their prognosis.
Clinical impact of NPM1 different mutations is still not clear, some studies reported no differences regarding CR, OS and EFS between patients with type A mutations and non-type A 43 while others observed a lower OS and EFS in patients with type A mutations compared to those with non-type A mutation. 44 In our case, the patient with the novel mutation achieved complete remission with no resistance to the disease or relapse.
Unlike previous reports that demonstrated that NPM1 mutations were associated with a good prognosis 15, 40, 45, 46 , the presence of NPM1 in our cohort didn't show any improvement in term of OS and EFS compared to the NPM1wt, nevertheless, CR rate of patients carrying the NPM1 mutations was higher than those with FLT3 mutations.
Therefore, when we assessed the prognosis impact according to the FLT3 and NPM1 mutations' status together, we observed that the relapse rate was significantly lower in the NPM1 + /FLT3group and the mortality rate was significantly higher in the NPM1 -/FLT3 + and the double mutated group. Similar to our results, other studies have shown that NPM1 mutations in the absence of FLT3 mutations (NPM1 + / FLT3 -) are sign of favorable prognosis in terms of higher CR, OS and EFS, while the double mutated patients (NPM1 + / FLT3 + ) have the worst CR rate and NPM1 -/FLT3 + patients have the lowest OS and EFS. 47, 48 AML is often related to cytogenetic abnormalities and aberrant gene expression that are of great importance for clinical management. Current guidelines for the diagnosis of AML take into account several biomarkers that can be detected in peripheral blood like FLT3, NPM1, CEBPA and KIT genes mutations and cytogenetic results such as t(15;17), t (8;21) . In addition, next-generation sequencing techniques have shown that the epigenetic profile of AML patients can act as a biomarker and cor-International Journal of Hematology and Oncology relating clinical outcome with DNA methylation status. Moreover, proteomic analysis is becoming a significant tool in the study of AML like ubiquitin-like modifier activating enzyme 1 (UBA1) and isoform 1 of Fibrinogen alpha chain precursor (FIBA) that are indicators of AML status [49] . The combination of these biomarkers will help to generate a more comprehensive picture of the underlying pathophysiological processes involved in the disease and therefore will lead to significantly improve the diagnosis, prognosis or monitoring of acute myeloid leukemia, as well as facilitating treatment decisions.
There were some limitations in this study, starting with the small sample size, which can be evident when we analyze the cohort in subgroups. Another one is the lack of available karyotypes in almost half of the cohort, which didn't allow us to stratify our patients.
In conclusion, we have described a novel complex (indel) mutation of the NPM1 gene in one patient and our results revealed that FLT3 and NPM1 mutations are less frequent in our population. The detected mutation c.869_873delGGAGGinsCTTTTTCCC in NPM1 gene is unique and different from all previously reported mutations. Additionally, our preliminary results suggest that the presence of FLT3 mutations had a negative impact on survival. Taken together, these data indicate that NPM1 mutations might have had better prognosis in the absence of FLT3 mutations, but the limited sample size of our cohort did not allow us to have any definite conclusion. Hence further studies with a large cohort need to be done to confirm that. 
